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SSTRACT

ais report.

The detection with ERTS of three types of pollution are discussed in

into the sza from a ship..

en pollutants on the surfacs of

multispectral clasgifications

1} Tadustrial waste poured
2 Complax pollution ia frsoat of industrial ports.
. %} Pollution (1r a br oad sense) by rivers. .
The difficulty to differentiate hetwe
he sea and atmospheris haze is emphasized.
in the second part of this renori,
htalned ot 32a and on coastal lakes

5y ruﬂe.lcal computaiion arz
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ERTS image {1075 - 9353),

b
waste poursd into the ssa by a ship.

.
Main curren?é ;g the dumping zoné’éleig. 2{
Skeatch of-the main’bolluted"area;.in_thé studiedAzdgéft
Heteorqlogicq;'ﬁap for the stuﬁisdrzona, 5 oct. 72.
Meteorological map fof_the studied.zone, GIQQtf_?Z;- _
Geographic map showihg the zone "p?llpted" Ej ﬁhe #af Ri§er- 
Sketcﬁﬁ(from ERTS images) shOWing:the "péiluti&n”.ﬁy'tﬁe
Var River at different times. o ' -
.MeteorolbgigalAdata- :;

ERTS image (1187 - 10025).

Multispectral classifications of water were made on the.

northeasiern part of this image.

Map obtained by multispectral classification {adaptative

11 different classes of water and swanpy terrain are,Q;Q'

indicated.

Map obtained by multispectral classification (principalﬁ

comgonants analysis).
b

diffarent classes of water are indisntsd. -

ologured image showing the 9 different eclasses of water

in tha right part of Fig. 13 (sza offsuovre, dark blue,
hY

/as not coloured;.
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the aim of this investigation was to
of EITS imagarv-to detect various types of polluti

soa in the western: ﬂedlterraﬁ an,

Medlterranpan is almost a_cloaed sea therefcre pollution

is a SE;LOUS proolem. Varloug !nduatr1al ac21v1t1es are heing devnloued-

along the CJabu and some. of them aras a real ¢hrea to the enviranment.

Furtnermore, the French Rivi

iera is a very tourist

-

<

pov
‘o

lace frequented
by many iourists and, far away towards ths west, from the Camargus

-

ragion to the Spanish horder, 180 kilometers of DEQP¢ES are being

developpned and will soon be ithionged by 300 OUO or 400 OOD

§
i
H
&
»
B
g
1
i

tourists
from all countries of Western uuropg*_

Shellfish, mussels, oysters are bred in the coastal lakes.
nd buch breedlng eften auffer from waste ceming from industrial plants;?

Important 1ndustr1a1 act1V1tles are located on the coasz.
Mar591lles ranks sSecond among Europaan pcr%s, coming after. Hotte dam

but a nead of London. A large part of dits act1v1tv is w**h o 1

(o? nllllon metric tons in 1971).

Four raflnerles (Snell B, P., C. F.R., Exxon)} are alread

ﬁf&ﬁb oo %cﬁs‘stéah ciracking planf will éocn hegin aper

ting along with o ner unzts ﬂanufactur-pg ethylens oxide,

pronylens’
etc. and vinyl o 1 éa (3DO,QQQ;Lonspg; year). © -
The new part of Fos handled. 3,500,000 cubic metars of
ral gas imported from North Africa inm 1972, and bzeause of itz acecsass
bil

ity to largs tankers, this location has been choosen faor terminal

"A great many tankers cross this part of tha Mag
to carry oil from the Hiddle Zozt or Nortl Africa to Eurgpa.

ORIGINAL PAGE IS~ |
GF POOR QUALITY |



In this investigation, th2 re petitivity of ERTS coverage
. I

szential, Wo roceived at most © repetitive scenes of part of !

D

1
ed zone since ERTS was Iaunchod, Consequently, wo have baon abhle
to detect a systematic pollution such as pollution by rivers or induy

5
"e oYl b 3""(‘}1 33?_"1": 1. 2nitie it
S SPAL LIS WY Y

s0 few images.

Band 4 lb thq bes+ suited to dptect pauc“es on ths sea,
but the quality of this rage is un;ortuﬂately often poor 0w1ﬁg +o

atmospheric transmission DfODlemb.

it has been observed that a cer%ainlamount of collutién
‘oceurs systematically in {and in front of) ce;tal1 ports (u‘hoa, Savona,
Yo It muszt be nointed out that it is not Tery €asy, on a given
image, to differentiate beiween pollutants (or sediments) on the

surface of the sea and atmospheric haze.

The transport into the sea of sadiments by ithe Var river
(French Riviera) has always been observed on all the images'recaived.ui

This phenomernon doss not Hanpen so ragularly w1th tbe Rhone River.

As far as tanker spillage is concerned, two cases can be

distinguished. If the tanker is pouring oil at the time‘whan the ptha

is taken, the patch appears elongated behind the ship. Such an object..

can be clearly detected if the patch is about 300 n wide,and 2 or 3 km.t.
Iong. If the 011 had been poured saveral haurs prevzousxyst%e paicn .

may be more or less scattered by the wind on the surface of the S5ea.

It is t ren diffigcult to be sure eth such a patch corresvonds to an-

Buring tnis investigation we b ave peen lucky enougn to

datect a patch of industrial waste 237 km long and about 200 or 300 oo '*:

this spill contains

ORIGINAL PAGE IS | -
- QF.POOR QUALITY =
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In order to determine what volum
with ERTS, various experiments, related to ERTS passes, wa2re previously
d a. The program includsd the pouring of various p
undeyr three dlffe%entrERTS trécks and thén the senzino of thasze products
with ERTS and airborrne imagery at the same time. Detection with
failed hecause of badﬁatmosgheric'fransmissioﬁ. Alrborne lmagefy;
(visible and IR) was satisfzctory. .

. . . i : l ) ) - : 77.7..‘..-

The secoﬁd_part of this fepdrt deals with multispazetral

‘clgssifications obtaiﬁed_frdm CCleét_sea and on caastal lakas.

7 This-subjeCtﬂwaé not previpuslf included,in the aian df'ﬁhis-‘
project. However, classification computer programs"were4written'and- l
ested for the MMC 009-Ck projert and it was then found that it would

teresting to aﬁply these mﬁltispectral classification methods to

n
differentiation of various water gqualities in the investigated zohne.

These computer programs were just available in April 1974, -

o
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I - EINTRODUCTION

In the first part of this rveport several cases of nollutian

‘ai s2a are discusssdi T e L LT B e e i

ut it is

[y

ERTS images frequenfly snow patcheé on the éeé;:
often difficult or ha;ardous to relata them té'ﬁollﬁtants.'Théfefore '“'QF
thres aspects.gf‘uﬁquestionéble pollution.will be discussegd here.;V

1. ~ Dumping qfrindustrial waste by an'iﬁalian_éﬁip'(ERTS710?5n9393}2
2. - Pollution (in a broad sznse) by indpsﬁrial §o:ts-‘ R |
) .

in a broad sense} by rivers.

In the chosan area (Fig. 1) the atmosphere is often clear,
and we could have expected a good repetitive coverage. Meanwnile we

received at nmost © images corresponding to part of the studied area.-

The second part of this report‘déalslwith multispectral
classification obtained on coastal lakes and at sea off the Mediterranean 
coasf of France. The studied area inciudeS‘thé RhoneiDelta with fhe ' . é
swampy Camargue region. Farther towards the SW lie the coastal lakes o
of fhe LanguedoéaRoussillon region. Shellfish, mussels-and‘oysters
are bread in thege lakes and such breeding gradnds:often auffer from.

- waste coming from industrial plants.

From the Camargue region to the Spanish bbrder, 1890 kilome-

ters of beaches are being. developed. New shorsfront areas appedr and
will soon be thronged by 300,000 or 400,000 tourists from all countriss

in Vestern Europe.

From another voint of wview, the Phone River plays an iager-

in the Gulf of Lions.

[l

tant rols in ths sadimentation processa

CRISINAT, PAGE 18
OF PocR Qmm*%
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FIAST PART

1T - DOLLUTION AT SEA

I.1 -~ Industrial Woste (Ears'noys-gjgg);f

b

+

[N

he elohgated paich datected on this ima Q-(A Flg. u}

corresbonds to a spill of 3,000_i0ns df indusirial wague from a ship
coming from an Italian piant'manufécturing tif;niuﬁ. This vaste con;ai 5
80% of liguids and ZOm of selid residgum. The 1iquid pa;ﬁ iS‘m;ge of
solutions of ferrous ana ferric oxides, etc.,_aﬁd'ofrjjo-tons'of sulfu~

-

ric acid. The solid part contains mainly residum of tltan*um ore

{ilimenite), vanadium {710 kg) and cadmium (30 kg).

This waste was dumped on the surface of the sea with a
lexible hoses. Fields SUrveys - ‘and ground truth co respondlﬁg to this
waste were conducted by Co-I ordanization "Centre Nationalfpour 1'Ezploi.

‘tation des Océans".

_ This aspect of the patch on the ERTS image isrcertainly
dﬁe to the solid content of the wasta. It is about 23 km 10ng and 200
or 300 m wide. Thne bhest de+ect;cn is with band L. '

A similar patch can be seen 35 km to the NE of the paich
previously described. It posaibly corresponds to another dumping. If

this is the case, the very large white zmone lying between this last _

w.

t

I

patch and the Itaiian coast could possibly correspond to ‘prcgressivé

ttering towards the NE and N+ The wmain .currents in this part of. the

a
Mediterranean are shown on Fig. 3.

Many other "patchnes' can be seen on the surface of ths asea

rraspond or nokt to

en thig ERATS imag=, but we cannot say if they co
polluted areas. Thase patches may. be due to eithar o transport of

gediumentis or to = blurring by atmosnharic haze.

) ORIGINAL PAGE IS-
t  OF POOR: QUALIW
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ST e
11.2 - Paiches obsarved in front of industrial norts

Fig. & shows a sketcihh of the various patchaes observed in
the Italian Gulf between Liveorno and Savona. It summarizes the obser-

vations made on 7 different ERTS inagss.

;'}..Augu_st-‘ ?.2 - 1021 - 9385
G‘OCtgéer ?u 510?5 ~ 9390 g )
| {1075 - 9393
‘7 Uctober /2 - Elo-’- LSS
. Q76 - 9451 ':
:1.-8 Decembér ?"j - 1148 - 9453
10 May "73 T - 1291 - 9395

The industrial wa“to described in parvagraph Il.17is indicated

in Fig. & (pateh A).

The rge patches indicated in Flg. % and runlng along tqe
coaat appear nearly at the same loca tion "hateV°r the beason may be
from 13 August 72 until 10 May 73. They are cartalnly not relat=d LQ';j

- atmospheric effects since they always disappear on the céast-itse}f.

Some . patches never reach the coast.

Heanwnlle it is difficenlt just from sLLdyﬁng these 1mages ;.

to assess the presence of pollutlon. These patches may be due to elther
omflugpts coming from the 1nduat ial ports {(La Spezia, Genoa,_
Savona, 2tc.) or to terrigenous ouhflows coming from river Sasins.

The clongated patch south of Savona was observed oplf an

the 12-1&8-72 frame . 1t seems to be smoke faom & p iar.plant.

Np Field check was made on thisg =onz, ORIGlNALV PAGE 15
| OF POOR QUALITY]
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raological mapz are compiled on too general a basis to be useful far

solving this preblom.
! ..

Figures 5 and 6 show these meteocrnlogical maps for Cotober 5

and 6, 1972. Sl C - : S s
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.,

I1.2 ~ Example of "Poliution! (in a Brozd S2nse) by the

e R T P L
) Ly I3 Aa0Cava-s Oy Lt

and fraguented by tourists

or a long'time.‘The Var River reaches the

g
sea near the Nice Airport, 2 kilometers west of the city.,

Fig. 8 is a sketch compiled from %4 ERT3I imangas:
19 Segt. 72 - 1058 - 9430
Oct, 72 - -~ 9451
6 Jan. 73 -~ 1167 - 512
1 Marceh 73 - 1221 -~ 9515
M3S band 4 clearly shows that the area located on the sea
between Nice and Cap d'Antibes in all cases is covarad by - sediments

coming from the Var River,

% ‘ Fig. 9 is a chart whare directions and speeds of winds é:é )
plotted. at some dates corréspbnding,apprOXimatély to the time during
which the ERTS images mentionasd above were taken. Thése data were
recorded at Toulon, about 110 kilometers West of Nice. Thisz chért shgﬁkr
that rainfalls were almast inexistant between Sept. 72 and ﬁarch 73,
Winds blew altérnately'froq the NY and ENE,.sometimes'ffém the'West‘ ‘
and East. The studied ERTS-images show that in each caée the éediﬁeéis
of the Var River always spread on the sza West of Nice, befweeniNicé_

and Cap d'Antibes, 12 kilometers towards the SW.

1t is thousght that this example iz geod proot of the

o]
[th
o
'y
Q
i
i

u
ERTS pericdic coverage for pollution and sedimsutary studies.
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SECOND PART o N

III - MULTISPECTRAL CLASSIFICATION OF WATER

Fari of an Eﬂrb image (118,—10023) segg;;eiecté&”fof_ﬂ*
mhltlsnectral classif icatinns. Tne studled AOH° is lqgate& in tha,i‘; ;
‘nartheastern part of thais image and lnciudea tﬁe Weétern part o tﬁe;“’
Rhone Dezlta, the Swampy Camargue reglon and the main‘?qaétal_iaﬁas.og

the Languednc~90ussxllon Mediterranean Coast.

Two different numerical classification techniques have

been usad.

a) a so~called "adaptative method" which wmakes use of statistical
analysis.
b) a classification method using principal component analysisg.
{unsupervised method). ‘ ‘

. ORIGIN AL PAGE IS
_E%fiiff Adantative-method CW‘POOBpQUAIETY

Thls me*hod makes use of statlstlcal analYSlS. It csnsxst
in c1a331fjlng samnles accordlng to various distribution laws that- ér
taken from the 1mage 1tself There is no need to de fxne .computer ;
cralnlﬂg areas as is tne case with other metnoas. As a 901nt oz,deégr—¢
ture,. the computar is glven solely the-toordinate of sevaral'pointé
located in the areas to be ulﬂSSlIl@d (a priori clasaes). Around each A

fait tiel pixel and on a Lotal numbar of 013913'(i00 for examnle} hat

ak T

‘way be set at will, the-computer searches for the neighboring pl wla R
that may be taken together tTo make up a homogansous ZDne, i.e. pixelg: -

that obey the sape law of distributiorn. For a given class this law is
often a Gaussiae law. The compuier may possibly selaet a certain number.
L adjacent polints,

o o
have tho same statistical properties. A gtven claszs is reotained only
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only if each point in this class statistically has 3 neighbors belong-h ;
. + v . R - - ’ T ’ P I
to the same ciass among the § nearest neighbors. the computer wrograsn - .

4]

.make:er“ 11 iteralbions (3 for exanple}. The alw of eaxch nevw iteration

is o classity the Ulau(a re Cpreviiong  fteration. o

For each’ "homo ogene ¢ the probablllty denslity

a
oy
[w]
al
a2
e
[
el

functiﬁﬁ'd(x}’is_obtalne&‘o) tne 10 ‘0 in

B Vs SN VER S A
@e%} e - > ©

K
(2
wvhers k = & for an MSS inaga .
< -

X =22 wvector corresponding to the amplitudés of & givén point.

X - = transposed vectof of X.

Vi.=,¢ovaria ce matrix of the_class. €KHGINEJgPA&H§IS
a _OF.POOR QUALITY

=1 . .
v - inverse matriz of V.

In £ g- {1, sfk'éﬁpfio?i test mones were selected by hand -

in the first iteration.’

‘First zone : in the céﬁféf'éf_fhe Vaccares Iéke;r . _1li_":;'FL  1
Second zane 1 on rittoral YWarrier beaches corresponéizg to a former

| Rhon?Auclta. ' ‘ o . ' " -
:Third‘zone : ina ‘swamp to the east of Vacc g5 1o RC-A

. .

Fourth =zone : in a swamp to tneg west of Vaccares lake.
Fitfth zone : ik &' éultivated arez.

Six th zon= : O S2a.
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Iv onsk be pointod outl that in the czsz of water mulii-
classifications, the statistical laws

arecise 1 Ehis is Low genuerally observed in tercaln ©

ITT.2 ~ DPrincipal components analvsls

fication obtalnad on the sane zone . ©

)
e

a -

Fid,flg shows the class

by principal conpouent analvsis.

¥ith this method there is no nead to szlect test sites.
In the fourudlﬂanblondl space correSponding to the four wave langihs.,
the comouhcr 1% elf defines the'“voluvas" ch;racterlzlng the different
.classvs of obJects preJEnt on the image. In our sxanples we found that

abdut 7% of the total information on the four ERTS spectfai bands
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+
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ecould be régresented on a pIEhé, that i to say w 11y two.prlnciﬁal
compdnentém The différenil"VQlumes” of the_é—dimensional spéce ment ioned
above are projeé{ed~onto tﬁis-piahé‘(Fig. 12). It thenjbecomes‘relati—‘-
vely easy to‘Seéaratelthe,different.classes pf}dbjects in this pldne,;
either by hand or-autométically. Six differeﬁt_élassas:of water are '
indicated in Fig. 12. The different computer training areas wére‘taken{

as fﬁllowa tpié:f137=

Ci&s$ 1 in{ne c nter ox-V ~coares lake.

€lass 2 in tne bouthﬂrn part of Vacecares lake.’
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Class on sea, of mouth of "¥icux" Rhone River.
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Class 7 : on sea, st of VPoginte du Sablen®.

it

on zea, off Grau d'Orgon.

. _ o 1S Class T
A 6 : gzt sea, in ti southwestern part of the image.

0‘31%?&5{}3111% Class

The locatior of these different tast mites (no:l to 5 1is
) . . N - . N ':; .

imeteod on Fig. 3.

O pinels were nmssd for the rdodinition oi tThose n Aifferoni
2 94 D oon
v - . . f . .
a4 b2 soon on tha nroej2ciion
~la=scs arn Tistinct.
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B ST e . .
Or the sea, both mathods give similar results. For exaanpla, -

the Rhone River outilow 1is clearly detected alang the coast in tRs

_two Fig. 11 and I3. 7 : ' o : T

Field ‘Jrvpmq,afe nlannbd 1n order to’ 1nterp*pt tﬁe:e

szerent re;ulus but 1t ﬂay alread be th0Lgnt that the alffereqt

 "water cla es deuected 1n the coaatal Ia es often currpspond to?ﬂ

 u1fferent1;T§ae- oncontrat ona.‘
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IV -~ CONCLUSION ~+

 Turee types of pollution are distussed in the f£irst pard

Fuseful”r-

extent is 1arge enougn.

'In the first case, the locatlon and itime of durping are not
. . ' _ , L e s
known. Therefore only large patches, ~bout 3 or km- loig and 400 or
500 m wide, can be sansed. The pouring ship itself has never bheen-

detected.

The two other cases correspond to a systematic pollﬁtioh at
'a wall known locat1cn. Smaller patches can be detec;ed aﬂd stugled*
in all caaes renet111VLty'of the imagery.is essﬂnt;ax‘xo+

the study of pollutlon.

-7he anilTity of ERTS has now been ia2sted: In the.future,"
it will he necessary Tor an operational‘pollqtion survelLlance

. .. . var .
an image b2 taken al each pass o= the satellits / the ;tudled AN -

4

A camplaterinterpretation of the mass-obiained on cozsia

; : ~F 3 3 - I T e . i

1A 5 and an cee i o3RIl dn ovanEss oouL R L saems alraady ghvious
B3 imagarcy owing Lo its pariodis gowvorags, L5 an irropliceanis fool
For thvig RiI »f stady.
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